Bounds and presence of manifest right handed currents in neutron beta decay are reviewed.
I. INTRODUCTION
The Standard Model (SM) has its predictive power in neutron beta decay (nβd) afflicted by the fact that it has two free parameters, namely, V ud and λ = g 1 /f 1 (the ratio of the two leading form factors at zero momentum transfer). In order to make precise predictions, both parameters should be determined experimentally with great precision. The observables measured with the best precision in free nβd are the transition rate R and the electronneutron spin asymmetry α e . In superallowed nβd V ud can be determined very precisely. At present, the problem is that measurements of α e give two incompatible values. Despite this difficulty it is still possible to obtain precise predictions for the region of validity of the SM using the expressions of the SM for R and α e (instead of their experimental values) and the unitarity of the Cabibbo-Kobayashi-Maskawa (CKM) matrix along with the experimental values of V us and V ud . This analysis was carried out in Ref.
[1] and the best prediction of the SM for free nβd is given in Table II and depictured in Fig. 2 (a) of this reference.
In this paper we want to extend this approach to study the bounds and the presence of right handed currents [2] (RHC) in nβd. Two new free parameters are introduced, the mixing angle ζ of W L and W R and the ratio of squares of the masses of the corresponding mass eigenstates δ = (M 1 /M 2 )
2 . In addition, we shall use the very precise current measurement of V ud in nuclear physics, which as we shall see plays a very important role.
We have assumed that the CKM matrix is common to W L and W R . This is referred to as manifest RHC [2] .
II. EXPRESSIONS AND EXPERIMENTAL SITUATION
The SM predicts for the decay rate of nβd the expression
at the level of a precision of 10 −4 . The detailed derivation of Eq. (1) is found in Ref. [3] .
The current experimental value of the neutron mean life [4] produces R exp (10 −3 s −1 ) = 1.12905(132). The theoretical error in R of 0.0008 is included (recently this theoretical bias has been reduced [5, 6] ). In our analysis this theoretical error in R is folded into its experimental error bar, σ R = 0.00102 becomes σ ′ R = 0.00132 (in units of 10 −3 s −1 ). However, it must be stressed that our analysis is independent of R exp and its error bar σ ′ R and α e . This is true even though the neutron mean life is not yet fully converged [7] and the reason for this is that the analysis of Sec. III to obtain the regions of validity of the SM and the SM with RHC is based on the expressions of R and α e instead of their experimental values.
The advantage of the integrated observables α e , α eν , and α ν , is that their definition entail only kinematics and do not assume any particular theoretical approach. The electron neutrino angular correlation coefficient is defined as
is the number of all events with electron-neutrino pairs emitted in directions that make an angle between them smaller (greater) than π/2. Similarly the electron-neutron spin asymmetry coefficient is
where θ e is the angle between the electron direction and the polarization direction of the neutron. Analogous definition is used for the neutrino-neutron spin asymmetry α ν . Reference [8] provides the complete numerically integrated formulas for the decay rate and angular coefficients.
At the 10
−4 level the SM predicts for the electron-asymmetry the expression [9] α e = −0.00021 + 0.2763λ − 0.2772λ
We have chosen a negative sign for λ to conform with the convention of [4] . The important remark here is that there is no theoretical uncertainty in α e at this level of precision. The reason for this is that the uncertainty introduced by the model dependence of the contributions of Z 0 to the radiative corrections is common to the numerator and denominator of α e and cancels away at the 10 −4 level.
The analysis that leads to Eq. (2) can be extended to the neutrino and electron-neutrino asymmetry coefficients,
It must be stressed that the angular coefficients are free of a theoretical error at a level of precision of 10 −4 . This accuracy is better than the current experimental precision that modern experiments allow. The effects of strong interactions, radiative corrections, and the recoil of the proton have been included [9] .
It has remained customary to present experimental results for the old order zero angular coefficients after all the corrections contained in α e , α ν , and α eν , have been applied to the experimental analysis [4] ,
Also, besides of presenting results for A 0 it is customary to report directly the value for λ obtained from expression (5) . Thus, the experimental value of λ is free of theoretical uncertainties at the 10 −4 level. We use this value of λ in Eq. (2) to estimate the corresponding value of α e and its error bar. By following a similar procedure with eqs. (6) and (3), and (7) and (4), we obtain the numerical values of α ν and α eν .
From present experimental results [4] for the nβd order zero angular coefficients, B 0 , [12] [13] [14] . The expressions of the observables in free nβd of the SM including the contributions of RHC with a precision of 10 −4 can be expressed as
Here [2] , A α . . . F α contain the corrections due to RHC.
The numerical coefficients reamin the same as in eqs.
(1)-(4).
III. DETERMINATION OF THE REGIONS OF VALIDITY
The region where the SM and the SM with RHC (SMR and RHCR, respectively) remain valid at a 90% CL are determined by forming a χ 2 function with the sum of six The free parameters varied at each (α exp e , R exp ) point are λ, V ud , and V us for the SMR and λ, V ud , V us , ζ, and δ for the RHCR. In addition, we shall add a seventh constraint
2 to χ 2 which incorporates the experimental nuclear physics (NP) value of V exp ud (NP) = 0.97418(27). The numerical results are displayed in Table I without the V NP ud constraint and in Table II with the V NP ud constraint included. The corresponding 90% CL SMR and RHCR are depicted in Figs. 1 and 2 .
IV. DISCUSSION
In Table I the constraint of V NP ud is not enforced, while in Table II this Table I are negative at the top five entries and only in the last two at the bottom ζ = 0 is allowed. The length ∆ζ of these ranges is around 0.00660. In contrast, in Table II 
are imposed solely by V NP ud , V us , and the unitarity of the CKM matrix. These bounds may be compared with previous ones. In Ref. [15] one had ζ ∈ (−0.00060, 0.00280) with a ∆ζ = 0.0340. The range (12) is more symmetric and has half the length.
The bounds on δ are practically independent of V NP ud , but they are very dependent on α exp ν as can be seen by comparing the upper and the lower numbers. Actually, the upper bound on δ, at around 0.076 is also almost independent of α exp ν . It is the lower bound on δ that is very sensitive on α exp ν . In Table II At this point one should translate (13) into a range for M 2 . One has
Range (14) shows vividly how effective is α ν for setting an upper bound on M 2 . It also means that manifest RHC are detected in nβd. However, one already knows that lower bounds on M 2 have been established. At present one may accept as a conservative lower bound M 2 > 715 GeV [4] . This is in clear contradiction with range (14) .
In order to better understand this situation we have prepared another The results are displayed in Table III , in steps of 0.00060.
As can be seen in the last column of Table III, 
V. CONCLUSIONS
The current experimental situation in nβd and in the lower bounds on M 2 lead one to conclude that manifest RHC run into a contradiction, that leads one to conclude that manifest RHC are strongly eliminated as a possibility of physics beyond the SM. The experimental quantity which leads to this conclusion is the current value of α ν .
However, future refined experiments may correct the current situation provided two conditions are met: (1) α ν is found within range (15) and (2) α e is found in the future in the range α exp e ∈ (−0.08570, −0.08717) of Table II . If either of these conditions fail, then manifest RHC will be strongly eliminated. Of course, other forms of new physics could be detected by α ν , as can be appreciated by the values of χ 2 in the SM case in Table III. As a final remark, it is not idle to emphasize the importance of refined very precise measurements of the observables in nβd. and R exp are also displayed.
